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THRUST ROLLING ABRASION TESTER 



(57) Abstract: Silicon nitride anti-wear member (2) characterized 
in that it is constituted of a ceramic sintered compact comprising 55 
to 75 mass% of silicon nitride, 12 to 28 mass% of silicon carbide, 
3 to 15 mass%, in terms of silicide, of at least one element selected 
from the group consisting of Mo, W, Ta and Nb and 5 to 1 5 mass% 
of grain boundary phase constituted of rare earth element-Si- Al-O-N 
and that the silicon nitride anti-wear member exhibits an electric re- 
sistance of 10 7 to 10 4 Q • cm, a porosity of 1% or less and a 3-point 
bending strength of 900 MPa or more. These enable providing a sili- 
con nitride anti-wear member which exhibits not only intrinsic high 
strength and high toughness of silicon nitride but also given elec- 
trical resistance (conductivity) and which is especially excellent in 
sliding characteristics; and further providing a process for produc- 
ing such a silicon nitride anti-wear member. 

(57) ^$5: ^bin>f$i£5 5-7 5gi%, Kitl-H^Si 
£ 1 2-2 811%, Mo, W. Tafe^l/Nb^biR 
$ tlZ'PtZ <itl mOitm* It IMt&ffiW-C 3-151 
*%fccfcl/*fr±SS7Lf?i-S i-A i-o-N*&£*!MMfl* 

5-1 sn*K^m&2frz*^*v<7*&&&fr*tev* 

mSUSfitfittf 1 O 7 - 1 0 4 Q • cm, flKmtfl %J*AT, 
3£ftlf5££*<9 O OMP a Ja±-efc£C£ 
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m m * 

5 mm^m 

^©M'fb»v>^^^©^«asi^^b , T:(i^<b^VN^-^±m^bti (K-fb'f 

20 A-lMb*-*-£Amx ^-fbttv^-iHbW y h U # A-BMbr;^ a- 
M-fbTVV^-^ A-^#— ^ A s V^*i>">A. i?;i/3r:i!7A©itt^^M?) 

±^7Ufit-Al-0-N^S>fc£&#*B 8&«S# * IMS-to b 

iSiiS'fb^'r*fc«>t^in^n*cv>So 
25 ^©^bi^it^^^ 

fcbtftlitTJi&J&U #?,tlfe^^^oV^^«P^^fflb-C 1 6 5 0- 1 9 0 
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ffHA^-h'r^i'^'f/Sg (HDD) ©@«g»©^T 'J V^sl? 

«*£ft*i»n#a»K (HDD) 
& ^ h V a -5 KM #3§£ U T b * 5 CI t m iJ BB b o 

-13s m$t>m,tn,M& i o- 3 q • cmeae&^isa^sift©*^^* 
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W, Ta, NbCDiJMbtk mhm, U-fbtk ttv^btk t)3t#!2 ft 3 

^-»*««Ss *fctt«S!Sbfe«K:m«©*fl : *C»lia»zlcJEri/^ (HIP) 4Mb 

jft-fbttV** 1 2~2 8M% Mo, W, T a«WNbfr6»jl?$tt 

-Al-0-NiP^^7^JfflS 5-1 5M%-e#ij££*l3-k7 ^ V Zzmtefo 
frfcfctK ffi^V:'. >~ i 1 0 4 Q • cm. 1-XUT% Sj&ffitfML 

#9 0 0 MP aJB*±T?»5£ h%%f&hi-%>o - 

±SaM'^b»V^5R»WJ»*§^4«B*^K:43V^-Cs aaWttH^e. OMPa • m 
1/2 W±T-fe^ililA s »^bV>o ^?»^ Ti, Hf, Z rfr£&33¥<fc D»ft3 

<i«B#©±BSK:|ft^bfceS4 0mm©«ltil±^iSS* s 9 • 5 2 5mmtfe5 3<® 

©suj 2&mmffl®*mw\sXX7xvM®i&m,mm*mi8.\s, ±tmmmmz 

3. 9 2KN©^ffi^EP»nbfe^^T-IeIte^l 2 0 0 r pm©^TT«EHE**fc 
h^id, ±HBM<b5^V>*Mjft«ffiM#©«®^i , J^t-^^T-0|llteif-t-^«^n 

Sfcfcs srfflgftfc^a&fcttOJEWSfcft*^ 0 OMPaWtfeDs £©^fb 

-)V*mm?Z>-l5^ S U J 2IK*«0±ieSSl/fcig4 0mm©#tii±£-t 
IB3f9©fei!i7jt-;i/^EBSbT^^x hffiH«K*MJI**lJ*U ±IB<E»^-;v^ 
5 . 9 GP a Wfflf3«fc5 lcflf**9iftIbfc««BT?ia*s«SC 1 2 0 
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t^ttt, US 9 .5 2 5 mm (= 3/8 ©#— ;i/£S*PIS £ bTP 

t:f-tv>3#. #$gBjm£©if-f x^ps^^ns%©"efi^vN 0 09*.Kx ;i>©* 

>fX#iH19. 5 2 5mm (=3/8-f>f) i;H&3i§-&{;*. 

ItPa^l Pa = 1 . 02xlO- 6 kgf/cm 2 t^5uJi* 

»^«i©Ji?-;i/©*>f XK-&*tJt«itnfbrjfai'r**©J:"r*« 

^H^tDW^ffittWii^-^©^^^^^*^^^^^*^^^^*^^ 4 0 

o hsihusUi^ e>ft3*© 

9 Of g°/o«±t*t5¥^tg 1 . O^mJglT©^**^*©:*^ ft-(b» 
V>J?i£ 1 2-2 811%^ Mo, W, Ta, Nb©j5lfli»> ttv^^k ^fb$Jfr£> 
$i5iB¥<fc DS^$tiS'J>^< 2:* l«*^Vv(b.lMil**C 3~1 5MM%s #±^tc 
>;&flMfa«K:ifc* ut 2 ~ l o Sl«%. .~rn> X - * fcaflsfcfcft* bt 2 - 1 0 
Ti, Hf, Z r 5P«fct)^^tl^)'J>* < 21* l«&®flst>£!fe 

±8Bffi-fb»V%3R»19**§S«»*r©»ai*ifeK:*V>rs »fi«C30MPa 
^©^t-fbffitH^TtlSl 8 0 0 o CWTT*MfM<jEEri'* (HIP) «tS 

M«taifi (1 0 7 -l 0 4 Q • cm) &&t>tl. »«»©»^*a*«Ifc«l#JT!S* 

MofblM^fcfcs jfc*b^*fc#M*Sfcf»£©*ft«ffitf 
bv>S&m&-r«i:#K:x ^b^VN^c^S^M^^^^-^^Wtlt-fet), 
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M?U1#0. 3//mfilT*C*tK 1 XfilK HMtfWMt9 0 0 

MP aJ-Ut^^ BMMStttti* 6 . OMP a • m 1/2 &±T!fc t) s ffi5£3li&# 2 
0 OMP aW±©^M^^ffi^@nfc^b{tv^^M^^4gP*^^^^^i: i fe^B 

^^fib-C, 5SS°/oWTs »*t<fi0. 5-1. 2BI% 

■C»5affiSSfli»^**7 5-9 7II1 b < fi 8 0 - 9 5M9te*U 

$?£b<»0. 4-0. 8/imSS©M)&ift»^ 

&<£ffl -r & c t a 5 *? * b o 

#*HK&ft'fbbJB^. ftfl3»v^«»»*©J:t)»*bv>tt*«#Jltt0. 5-1% 
2II o /o0lSIt$§. 

/?ffiM©^b^^v^^MTO*T•{i«^a«^* s ^^^^* J ^ 

* ^lt^li^v^^b^tv^^M^^^»^At)^la^^lft^ts©!^^* s ^f?>tl,^o 

**lflfc«*W**6«*tfc:&^*tx S8ft»V>*©«*«* 5 5-7 5 «©%©!& 
J£6 0-7 ORS^^^ffl^^CfctffcF^bVNo 

^»)#^^JlLts 1. BHXttTs $f^b<f*0. 5-1. 
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mWT> S?£b<«0. 4-0. 8/imgg0ti»»^«»t^u 
4$Ki¥^t^0. 7 m WT©M*i 1 5 i i: t i ^ 'J>S© 

-fbs ^^^(i^-;l/©^?^®^^^»sTO* s ^b^•rv^fei6^ #*§»i2~2 

o 

15 *5-^©#*ttft#«fc^fcbT««S#»c^^tlSMo,. W, Ta, Nb*?» 

j; s ^^^m^©«M«tft*##T^©^^bv>^^^#-r^^b^-t-$>?>o 
^n^©7c^©»v^>^bt^^i^b»v^^©^**^ffi^W^-^ , >^^ ; &-^* J 
■e&*©-ex J R^»v>jR©»ttK:«t*»«Stt©<ST^tt«fr©aiW»ft**v«* 
20 igttte^i&ftM*©^^ 3 ^Kittsl?— ;v©flf!Bl^K:^W'««S«t©l6**B6±b , r 

ft bi 5 ic m b *c * § -kftmrnm % © t? & § . 

±§S©Mo, W, Ta, N b ©tc^©^#S #fcn>*b*lifcJ?T? 3 
25 3B^*fc»^«tt3-l 5RS%©®HJl-ri)o $?£b<fi5~l 3ftB%©!5 

H^-r-sci^^^^bVNo 

fefex **WK:«*Br#*6»#K*V>Ts Mo, W, Ta, N b ©^tettvMb 
J:IB^V^'^btJ^-^^ i fe©^bTtt#7C^©»V^'^btl©flb^ Mo, W, Ta, Nb© 

<b-£rt>©4i-efci\ #K:Mol:n^%#S*&a5c#»**£b#fcTf&a. ft*5. ^ 
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mi v^bWfc fetum v^bti $ # $. n % $ © ^ * » 

*fc**WJ3«*l«J**6tt»#fc«^*Cs «^,ffiin;ffi«l 0 7 ~1 0 4 Q • cm© 
±®7GfS§- S i -A 1 -0-Nfr£fc3&lfra#BJ£2*l*o COttJMBttSMbtt 

v>3R©ffitefl&fflfcbT#±»BMb*u M7;u^-^a> a<br;i/^-«>Afe£& 

««bfc»*©*±»7B«-Si-Al-0-N*af9^»«V^*»fl3-WlfC« 

jSg§g&^4iimffi©&4b#® ^©^#gtt5~l 5!HS%©l5Bh£ 

ni>o $?£b<&7~l 3**96©«6Hi:-r*£i:* $ 3*bv>. 
±§3^b»v>^0^«&*^^M^bT»-r*#±«7n^J:b'rtt. Y , H 

20 o, Br, Yb, La, Sc, Pr, Ce, N d , Dy, Sm, GdfeiTOKflS* 
^<b^£M^1^fc$©£^A,*t- i &<fc^o Cin&©«BJ6l6ffl»±. afl3W■v^*«»» 

^iiH/iSbt^ffi^^bs «nmaJi»i^b*c«t6-r*o 
25 tt§o £©»m#2fts%*P©i§-£fc^ «||s#©ll[*'^b**v^ttW5i^«fl3* , 

JfttlbfctK ^j£#<KTb##>a©''eJ:tMgBi:"r*o wcpi»©3£fc«fc t) 2 ~ 
30 8RS%i:1-sciJ:A s a^bVNo 

^fe^B^^*5VNt^^^»^^bT^ffl-r^)T;V^-^A (Al) (DM 
it® (A 1 2 0 3 ) fcks ±B#±»7B*©«tt«*ffl©«ll6*«»^«»*«©«*fl s 
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$ <o\zm<Dm&Mte^ttimft£^~z(Dmfc7)VK-v2± (a in) m^sia 
io -gnzzLh&ms. b^<, 

iifcy^'fbtt^iiiCSi&b^tfK ftfL#il*nbM?L^©±##^3&&s »S 

15 #-4-^^^^{i«S^ 0 . l~3»M%©^B^3;i£:#M2;b^o 

* : *-Mlz&zmmmki®ttKz3S^Xs Ti, Hf, Z ro<b^*> ^S^b 
TfOl©«^i:brt^ffl-rStJ;^„ _LiB T i , Hf , Zr©MitK 
g<fbtk irnMb^frk^&S^k^iR^ft^SK l«©fl5*&*tt* _hIB©# 

20 ^aatgs^-f&o cin£©<bi^©Mfi>«4btjmi¥^o . 5Si°/o*l"e 
-r^di:^M*bv>o 

£fc±I3T i , Mo^©<bi^^g<bf:^fli-te:7 s; y **^§ft£ll£s2M-«€s 

je^fc5&%«a^«brB*«ffia5«©«s#t)##* s fiT'r*i:fc*fcx *6*s# 
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5 »Cx fllSlBXgOjfc+fcfcV^ 1 2 5 0- 1 6 0 0°C©iggT- 0. 

*#»«f?ttN 3 5 0-145 O-CC^StiMtMtfeS^tl 

10 IftaSSSIIti^ 1 5 0 0- 1 6 0 0 o C©^#H^.4'©^S > r"fellI 

i. ovoi. **w»**J;vfctf-i)#*.*#fc*?-;->;*- 

b*-5o 1 8 5 0XJftj«iL*aa^^*^a#*Jl(E*^»^» 

<fc*. WCiPffi»IS*Cti«:<, m£E^^«bfe*^^{±. 1 8 0 O'Cft&cfc 
DBft^*©^*^*^**. 

£j£gii>fb£*3fc&©flsWE^&t>x ^aijSft*^ i o o o c£jS£S£5&m 

25 ±B*Mfl&*&JR*fcBK^S»ft*&HB:x WS©ttttM* ( 1 6 5 0-18 
5 0-C) *»6x taiBcD»ie«;ffl©K^t«fco^^^**«* I *Blt-***CO»SE 

«R«1 6 0 0~ 1 5 0 0°cmmX'$>% 0 * bT'J>& < fc*tttt»ME*&±B*MB* 
HMKS**T!©«SlS#©«>aia**«Wl 0 0-CWTx #*b<fcfc5 0-CWTx 
30 $^t§ftb<li2 ^^©a^a^O. 3 
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ttV^ Mofl5-&»») s MWU V^OM^lM^iV^^bt A 1 
2 0 3 , A 1 N , Ti^O^«l*llP^*CJB»iB^SiBI®U *fc»e.tifcS»S 

v,— !*^ c I P^0<fc5&&ft©/&B&#Siifl! , ■^£3o 

SB£bl$^^ffi£^/£?-3fc«>K:fciU JB»S^f*:©*ft3gJE** 1 2 OMfatt± 

fc*M;L&^o *©fc«K ±ffirt^£E*ttl 2 0-2 0 0MPa©®H* s *f*bV>o 
±8B^*^k:5ISi»VN < rs ja»#fc#iMbtt*H«*T!M*6 0 0-8 0 0°C N 

SfcttSM«t'tH4 o o~5 o o°cr» i ~2B$MiuafrbT\ ^#>M]b-cv^;& 

1 6 5 o~ 1 8 5 o°c (Dum^m^mm. n&m^^rz^mmmn&mm^n 

<fb44#HM*-£*&ft 1 8 0 O'CfilTtiF^Wffi^L'^ (HIP) M^^JKg-r^. 

•^tctts «JEE«8«S*fett»H»inEE«*g«K:HI P Wlr^ttftM^, 
±i3MS^^ot^^tife^b^v>^Mi^^ttMM{*v &yL*#l. 0%W 
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<i> o 

£fc> EW2 0 0MPap;L **Wtt*#6.. 0 MP a • m 1/2 W±TJ 
ajfi»«1»K:l^t^bW'V^*^ff*«^*bTx Br£0«&JSJftl& (1 0 7 ~1 0 4 Q • cm) 

20 j»fflb»*»*«tt*»tt> &mmtkZo&mv-»'*t* uyrwv 

AO tc*tbt»*«n!»*o 
*feWfcs /wFf^^p7^f^l (hdd) ©muggs©^ y 
25 hbTffifflbfc»-&fcttx wainKSffofcBiciR^b&ftmft^Ty^^- 

KiK:f5iR*nsc.i:t3«i?)N ^^^#«cD#m^,* s sa^ti§5sn* s ^<. ibis 

5*-*©j||««&fc<x ^-h'r^^^-f^I (HDD) ft«fcjE»t:«»* 

30 BJillittftttilbtttffl-J-iftflsWV^ttlSffCttx ifcBfcJfc&TMffl 

f ^©tt±l^x^^ o T t <t ^ u J: lit ? 1 1- 1 ^v^ , mv^*.3 
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lifts e-«j#»s 7-«»«n 8-<E»3i?-;v (SMb»^*«> > o-ttMl* 

(SU J 2tt) . 

^t?TO*fc^0. 55/zm©Si 3 N 4 (Mittl^*) « 6 4 gt%t*t . 

¥*&m^l ^mcDmb^^rV (Mo 2 C) 1 OSi^ofcs fcfcfcS 

Hj^lh bt©¥*H«iS0 . 9//m©Y 2 0 3 (K-fc-f y b U »*S4Rfi96JiN 
^gO. 7//m0Al 2 O 3 (7;V5t) »**3R1X^ ¥»«tgl. 0 // 
mOAlN (M^T;i/^-^A) »5fe&2R*%fc. ¥MS0. 5//m©TiO 

©i5 0mmxi5 Ommx|$5mni0«i5W^f#«^^;i/ 
fcbT©ifiS8 Ommx|$ 6 mm©R®«J&^#&^*^ft^®^ bteo 

iRtf^MSfc^inffi* 0 . 7MPa« 1 8 0 0 t Ct4W^bfeo 
tifc^^ii^^»HM*9 8MPaKrfi«l 7 OO'Ctll^^ ttM»* 
JE7*b^ (HIP :*>^7'fV^^f'f>^7*l'^) SlItSCttcfcDs 

ttMM 1 - 3 
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mi^mmmnw^^mmvr^ £fzft®m2tvx, mn&tt^tttvxouo 
t^mnummm (x^xhmm&umm *m^x, m\)Mvm 

15 ^^j^Ujfeo 

&tzs EMI«i^^t«»?» 3mmx-4 OrnmXS^ 4mm0&.^ 

g;fcm»Mififfi&t£^©±T£M;M b±T©^®±^«^*iss b. 2 

20 S^J^TtS^O^trt^^W^th^^^bfeo 

^©teM^3©±gp^iBa$nfe^-r 1^4^ Fi£4£g^£ftfciK 

mmS&ZVm «4». B*Iiij|(JIS G 4 8 0 5) "C-^^tlS 
fliMfS^n (SU J 2) f^^^tlSo _t83lS*f?S7 hbT&s n^? 4 

(4 0°Cr-©ffiS : 6 7. 2mm 8 /S) — tT>$#M£ft3o 

j£bfcifi^4 Omm©$JlJi±£iSS5b s 9 . 5 2 5mmT-fc3 3i®SUJ 2 agist* 

$S5*£@ssbs *-\z>mom®mwigiflrTx, ^<Dmmm^3^3 . 9 2kn© 
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r»ii 




IS ^ 


(%> 


.=.j&ffilf 
(MPa) 


(MPa-m ,/2 ) 


(Q-cm) 


(0) 




0.01 M.T 


1115 


6.7 


1 x10 5 


>i xio 7 




0.01 JUT 


1050 


6.9 


10 13 


>1 X 10 7 




0.01 HIT 


975 


6.5 


5x 10 8 


>1 X 10 7 


Jt^3 


0.01 HIT 


1000 


6.8 


10 12 


>1 X10 7 



5 

sm^«*in br^fift* tit v> « Writ* s smskomMffii*; 

-^s bt©S i C)^*i:Mo 2 C!^5fe^««b^cv^J:b»J 1 

*^rttN ^ig'i4litt±#bfe i fe©©m^©<£v>m^,sitn;«tt^<^?>titv>^ 

15 jttJf^2©cfcaK:*«ttft##fcbr©Mo a CJ|»5|c*»liab^^»-&««fc 
«W3 0i^iitt#Mi:ttos i c»*&*Jrabft^»-&K:*^tttx 

*K*»^t«*^b»v>3Rl!lBJ»«tt®»*«lS»©te»5t?-;VK:*fflbfc^ 
20 o v\ t £TF © iH»J *5 ct XF&mm £#J$ bt J*#W tettE 1" 3 o 

mmrnmw 1 & <fct>*jt»j 1 ~ 3 fc^Tft^bfcw^&ims*^^^ 

^«inmbT^© : ?ii^#^^bfe 0 Se>C#^«i^#£9 8 OMPa© 

mzEE "c^/t — ^b £ njs-r 3 ^ k £ ^ n EEffi^fltaj^ # & <t t> * 

25 #«j^ffl-9->7 , ;vi:bt©^>K^B^*^tl-€ 1 tlW$^bfeo 
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wcfl^ t- § c t y> , ^ n^nnmm 1 b & £ t>-j:b^^J 1 b ~ 3 b k:« a as** 

®»S«5£«ft«fc«U fe»#-;v©*ii±^«0^b-C*i&fe^iC.^¥^I^ (R 
a) fcUC8l£Ufc. 

JIS-B-1501 ^ipbfc-f >^hD>OTlifa^ Zu^y 

g;*^ #^fi. mimvLT^-r^^^Ymuifi^M^UM^m.^ 

H2?^i)> c©irj**6te«# 2 tommitmm-tz #-m* s u j 2 sMEMfflft 3 

•CfcofcjPs *HJ6^ 1 B 45 J:5^-;.: B ~ 3 B ©fiftttujfc«lteMi5tf->i' 8 ft 
ffffiMiit^fc^ if»H2 0^^:SUJ 2M©fft§®8*S9 ftlBHL 

fee 

^ Ut#l»#-MOfi# D ±13© £ a te&WJ*#&ttSP*J-*» & iSS 

j£ 9 . 5 2 5mmT?»« 3ffl©*stt*-;i/8ftiBia"r*— SUJ2|{«90 
±B^ia^bfcfiS4 0 mm©|fl>i±fc±K3<H<Z)ft»5l?— ^8 ftMbx * — 
>fa©tt««W*#T^C©«sl&#— ;i/8 5 . 9 GP a 

*J:dK:«ffiftBlinbfc««inflHlte»l 2 0 OrpmC^Tti^tfeJt^^ 
UT^&tett^— ->Vft«aa»x K*tr> ^ft@te5i^8 0 0 0 rpmt 
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